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SEAL ARRANGEMENT FOR A MOTOR
PUMP ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 13/790,821 filed Mar. 8, 2013, the entire content of
which 1s incorporated herein by reference.

BACKGROUND

The present mnvention relates to a multi-seal arrangement
for an electric motor. The multi-seal arrangement inhibits the
passage ol particles or liquids from being mtroduced to a
bearing of the electric motor.

SUMMARY

In one embodiment, the invention provides an electric
machine. The electric machine includes an end frame having
a shaft bore extending therethrough. The end frame includes
a first side and a second side. A shait extends through the
shaft bore. A bearing 1s supported by the end frame and 1s
coupled to the shaft to support the shait for rotation about a
longitudinal axis. A first seal 1s fixedly attached to the end
frame and 1includes an internal bore that is sized to cooperate
with the shait to form a seal point therebetween. The first
seal 1s disposed on the first side of the end frame. A second
seal 1s fixedly attached to the second side of the end frame.
The second seal includes a movable portion 1n direct contact
with the shait to define a second seal point. The first seal
point 1s on a first side of the bearing and the second seal
point 1s on a second side of the bearing.

In another embodiment the 1nvention provides an electric
machine. The electric machine includes an end frame having
a shaft bore extending therethrough. The end frame includes
a first side internal to the electric machine and a second side
external to the electric machine. A shaft extends through the
shaft bore and 1s rotatable about an axis. A bearing 1s
supported by the end frame and rotatably couples the shait
to the end frame for rotation about the axis. A first seal
assembly 1s disposed around the shaft on the first side of the
end frame. The first seal assembly 1s 1n non-contact with the
shaft and the end frame. A second seal assembly 1s disposed
around the shaft on the second side of the end frame. The
second seal member 1s 1n direct contact with the shaft and
the end frame.

Other aspects of the invention will become apparent by
consideration of the detailed description and accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of a motor pump assembly.

FIG. 2 1s a perspective view of a rotating assembly and
end frame of an electric motor of the motor pump assembly
of FIG. 1.

FIG. 3 1s a front cross section of an end frame of the
clectric motor of FIG. 1 along section lines 2-2.

FIG. 4 1s a perspective view of a cross section of the
clectric motor of FIG. 1 along section lines 2-2.

FIG. 5 1s an exploded view of the rotating assembly and
end frame of the electric motor of FIG. 1.

DETAILED DESCRIPTION

Before any embodiments of the invention are explained in
detail, 1t 1s to be understood that the invention 1s not limited
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2

in 1ts application to the details of construction and the
arrangement of components set forth i the following
description or illustrated 1 the following drawings. The
invention 1s capable of other embodiments and of being
practiced or of being carried out i various ways.

FIG. 1 schematically 1llustrates a motor-pump assembly 4
suitable for use 1 pumping fluids such as water refrigerant,
or other liquids. The motor-pump assembly 4 includes a
pump 3 that i1s directly connected to a motor 8. In most
constructions, a coupling element (not shown) 1s positioned
between the motor 8 and the pump 5 to allow for discon-
nection of the two components. In addition, some construc-
tions may employ a transmission or other speed changing
device between the motor 8 and the pump 5 to allow the
pump 5 to rotate at a speed different from the motor 8.

The pump 5 includes an 1nlet 6, an outlet 7, and a rotating,
clement 9 1n fluid communication with the inlet 6 and the
outlet 7. Rotation of the rotating element 9 draws fluid into
the pump 5 via the inlet 6 and discharges the fluid via the
outlet 7. The motor 8 1s typically an AC powered electric
motor such as an open drip proof electric motor that 1s
coupled to the rotating element 9 of the pump. The motor 8
includes a housing 11 and a stator 13 disposed within the
housing 11 and fixed with respect to the pump. The stator 13
includes an opening 15 sized to receive a portion of a
rotating assembly 10 and 1s operable to produce a magnetic
field that interacts with a magnetic field of the rotating
assembly 10 to rotate the rotating assembly 10 and drive the
rotating element 9 of the pump 5.

FIG. 2 illustrates the rotating assembly 10 of the electric
motor 8. The rotating assembly 10 attaches to and 1s at least
partially supported for rotation by an end frame 14 that
attaches to the housing 11. The rotating assembly 10
includes a fan 18, a rotor 22, and a first bearing 26 disposed
about a shait 30. The fan 18 1s fixedly coupled to the shaft
30 adjacent the end frame 14 so that the fan 18 rotates with
the shaft 30 and provides cooling of the electric motor 8. In
other motors, other types of fans or other fan arrangements
may be employed. In some motors, the fan may be omitted
entirely.

The shatt 30, best illustrated 1n FIG. 3, 1s an elongated
substantially cylindrical member 32 that provides rotational
support to the rotating components of the motor 8. In the
illustrated construction, the shaft 30 extends along a longi-
tudinal axis 34 and includes a first diameter portion 38, a
second diameter portion 42, and a third diameter portion 46.
The shaft 30 includes an outer surface 30 having three
circumierential grooves 54.

A rotor 22 1s fixedly supported by the shaft 30 and 1is
rotatable with the shaft 30 and the fan 18 relative to a stator
13. The rotor 22 and the stator 13 can be virtually any
arrangement of rotor 22 and stator 13 without eflecting the
operation of the invention. For example, brushed or brush-
less DC rotor and stator arrangements or AC rotor and stator
arrangements could be employed with the invention
described herein. The motor-pump assembly 4 can be
applied vertically or horizontally with preferred arrange-
ments being horizontal.

The first bearing 26, illustrated in FIGS. 2 and 5, includes
an 1ner race 58 that 1s coupled to the shaft 30 for co-
rotation, an outer race 62 that engages the motor housing 11
or a second end frame that attaches to the housing 11, and
a plurality of rolling-elements 66 that facilitate the relative
rotation between the iner race 58 and the outer race 62. As
illustrated 1n FI1G. 2, the rolling-elements 66 are balls and the
first bearing 26 1s a common ball bearing. In other construc-
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tions, other types of bearings such as roller bearings, needle
bearings, sealed bearings, and the like may be employed.

As 1llustrated 1 FIGS. 4 and 5, the rotating assembly 10
also 1ncludes a second bearing 70 disposed within the end
frame 14 as will be discussed below. The second bearing 70
1s similar to the first bearing 26 and includes an inner race
74 that 1s coupled to the shaft 30 for co-rotation, an outer
race 78 that engages the end frame 14, and a plurality of
rolling-elements 82 that {facilitate the relative rotation
between the mmner race 74 and the outer race 78. As 1llus-
trated 1n FIG. 4, the rolling-elements 82 are balls and the
second bearing 70 1s a common ball bearing. In other
constructions, other types of bearings such as roller bear-
ings, needle bearings, sealed bearings, and the like may be
employed.

Referring to FIG. 3, the end frame 14 1s generally made
of cast aluminum but may be any type of material suitable
for use with motors. The end frame 14 includes an 1inner,
generally planar wall face 86 and an outer, generally planer,
wall face 90. The inner wall face 86 1s disposed on and faces
an 1nside 94 of the electric motor 8, and the outer wall face
90 1s disposed on and faces an outside 98 of the electric
motor 8. As shown in FIG. 3, the end frame 14 further
includes a generally cylindrical bearing cavity 102 which
extends mward into the end frame 14 and surrounds the
longitudinal axis 34. The bearing cavity 102 includes an
annular shoulder 106 thereby defining a bearing seat 110
located within the end frame 14. A first annular surface 114
1s defined at one end of the bearing cavity 102 and extends
perpendicular to the longitudinal axis 34. Two apertures 118
extend from the first annular surface 114 through the end
frame 14 parallel to the longitudinal axis 34. A plurality of
flanges 122, shown 1n FIG. 5, extend outwardly from the end
frame 14 and define holes 126 through which bolts or screws
(not shown) may extend to couple the end frame 14 to the
motor housing 11.

The end frame 14 also includes a cylindrical shaft bore
130 that extends through the end frame 14 and extends
around the longitudinal axis 34. The shatt bore 130 1s si1zed
to allow the shaft 30 to extend through the shait bore 130.
The shaft bore 130 1s sized such that the shaft 30 does not
come 1nto contact with a cylindrical surface 134 of the bore
130 which closely surrounds the rotatable shait 30. The shaft
outer surface 50 and the cylindrical surface 134 of the bore
130 are slightly spaced apart so as to permit free relative
rotation therebetween.

The end frame 14 also includes a recessed portion 138
disposed on the outside 98 of the end frame 14 which
extends inward into the end frame 14 and surrounds the shaft
bore 130. The recessed portion 138 1s preferably a cylindri-
cally shaped stepped recess which surrounds the axis 34.

With reference to FIGS. 4 and 35, a snap ring 142 1s
coupled to the shaft 30 adjacent the second bearing 70 to
inhibit axial movement of the second bearing 70 1n a first
direction. The snap ring 142 1s partially recessed within one
of the circumierential grooves 54 on the shait 30. A C-clip
assembly 146 1s disposed about the shait 30 adjacent the
second bearing 70 to 1nhibit axial movement of the second
bearing 70 1n a second direction. The C-clip assembly 146
includes a C-clip 150 disposed between a pair of circular
plates 154. The C-clip assembly 146 1s coupled to the shait
30 and 1s partially recessed within another one of the
circumierential grooves 54 on the shaft 30.

As shown 1n FIGS. 4 and 5, the end frame 14 supports
three seal assemblies. A first seal assembly 157 includes a
first annular disk 158 disposed about the shaft 30 adjacent
the end frame 14. The first annular disk 158 includes a bore
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4

aperture 162 through which the shatt 30 extends. The bore
aperture 162 has a diameter 166 that 1s greater than any of
the diameter portions 38, 42, 46 of the shait 30 such that the
first annular disk 1358 does not contact the shaft 30. The first
annular disk 158 abuts the first annular surface 114 of the
end frame 14 and the outer race 78 of the second bearing 70
to form a seal to 1nhibit particles or liquid from reaching the
second bearing 70. The first annular disk 158 includes a pair
of flanges 164 extending radially outwardly. The flanges 170
cach 1nclude a through hole 174. In the illustrated embodi-
ment, the first annular disk 158 1s made of rubber, but may
be made of an alternate resilient materal.

The first seal assembly 157 also includes a bearing lock
plate 178 disposed around the shaft 30 on the inside 94 of the
end frame 14. The bearing lock plate 178 1s 1n direct contact
with the first annular disk 158 and includes a bore aperture
182 through which the shait 30 extends. The bore aperture
186 has a diameter 190 that 1s greater than any of the
diameter portions 38, 42, 46 of the shait 30 such that the
bearing lock plate 178 does not contact the shait 30. The
bearing lock plate 178 includes a pair of flanges 194
extending radially outwardly and positioned to align with
the tlanges 164 of the first annular disk 158. The flanges 194
cach include a threaded hole 198 that are each 1n alignment
with the through holes 174 of the first annular disk 158.

The first seal assembly 157 also includes a second annular
disk 202 disposed about the shaft 30 adjacent to the bearing
lock plate 178 on the inside 94 of the end frame 14. The
second annular disk 190 1s coupled to the bearing lock plate
170 with an adhesive with alternative attachment means
being possible. The second annular disk 190 includes a bore
aperture 206 sized for receiving the shaft 30. The bore
aperture 206 has a diameter 210 greater than any of the
diameter portions 38, 42, 46 of the shaft 30 and smaller than
the diameter 166 of the first annular disk 158. In preferred
arrangements, the diameter 210 1s slightly larger than the
shaft (e.g., 0.005-0.020 inches). Thus, the second annular
disk 202 cooperates with the shatt 30 to form a non-contact
seal. A lubricant (not shown) 1s place on the shaft 30 between
the shaft 30 and the second annular disk 202 to enhance the
seal. The non-contact seal inhibits particles or liquid from
reaching the second bearing 70 from the 1nside 94 of the end
frame 14. In the illustrated embodiment, the second annular
disk 202 1s made of rubber, but may be made of an alternate
resilient material. The second annular disk 202 includes a
pair ol flanges 214 that extend radially outwardly. The
flanges 214 each include a through hole 216 that are each 1n
alignment with the through holes 174 of the first annular disk
158 and the threaded holes 198 of the bearing lock plate 178.

As shown 1n FIG. 4, a second seal assembly 217 includes
a radial shaft seal, or lip seal 218, coupled to the outside 98
of the end frame 14 and recessed 1n the recessed portion 138
of the end frame 14. The lip seal 218 includes an 1nner
surface 222 and an outer surface 226 (FIG. 5). The outer
surface 226 1s 1n direct contact with the end frame 14. The
inner surface 222 includes a movable portion in direct
contact with the shaft 30 to form a seal. A biasing member
such as a spring 223 positioned to bias the inner surface 222
into contact with the shatt 30. In the 1llustrated embodiment,
the lip seal 218 1s made of rubber, but may be made of an
alternate resilient material. The lip seal 218 inhibits particles
or liquid from reaching the second bearing 70 from the
outside 98 of the end frame 14.

A third seal assembly 230 is positioned on the outside 98

of the end frame 14 and 1s positioned adjacent the lip seal
218. The third seal assembly 230 includes a first disk 234,

a second disk 238, and a third disk 242 as shown 1n FIG. 4.
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The first disk 234 and second disk 238 include an inner
surface 246 and an outer surface 250. The inner surfaces 246
are lixedly attached to the shaft 30. The third disk 242 1is
disposed between the first disk 234 and second disk 238 and
includes an 1nner surface 254 and an outer surface 258. The
outer surface 258 of the third disk 242 1s fixedly attached to
the end frame 14 and does not contact the shait 30. The third
seal assembly 230 inhibits particles or liquid from reaching
the lip seal 218, and ultimately from reaching the second
bearing 70, from the outside 98 of the end frame 14.

To assemble the electric machine, the shaft 30, the rotor
22, and the fan 18 are fixedly coupled to one another for
co-rotation. Many options are available to connect the rotor
22 and the fan 18 to the shaft 30 including shrink fits, keys
and slots, splines, welding, brazing, soldering, adhesives,
etc. The method selected for attaching the rotor 22 and the
fan 18 to the shaft 30 1s not critical to the operation of the
invention. The first seal assembly 157, including the first
annular disk 158, the bearing lock plate 178, and the second
annular disk 202 are slid over the shaft 30 to a position
between the second bearing 70 position and the fan 18. In
preferred constructions, the first annular disk 158 and the
second annular disk 202 are adhesively bonded to the
bearing lock plate 178. The C-clip assembly 146 1s coupled
to the shaft 30 in the mnermost groove 54 adjacent the
location of the second bearing 70. The second bearing 70 1s
then slid (or pressed) onto the shaft 30 and the snap ring 142
1s placed 1n the outermost groove 54 to fix the axial position
of the second bearing 70 on the shait 30. The end frame 14
1s placed over the bearing 70 such that the outer race 78 of
the bearing 70 engages the annular shoulder 106. The first
seal assembly 157 attaches to the end frame 14 such that the
first annular disk 158 1s in contact with the first annular
surface 114. The bearing lock plate 178 1s positioned 1n
contact with the first annular disk 158 such that fasteners 262
can pass through the first annular disk 158 and engage the
threaded holes 198 in the bearing lock plate 178. As the
fasteners 262 are tightened, the bearing lock plate 178 1is
pulled toward the first annular surface 114, thereby com-
pressing the first annular disk 158 between the bearing lock
plate 178 and the end frame 14 to improve the seal ther-
cbetween. The second annular disk 202 attaches via an
adhesive or other suitable attachment means to the bearing
lock plate 178 to complete the assembly of the first seal
assembly 157 on the inside 94 the end frame 14 and on the
inside of the bearing 70. Thus, the first seal assembly 157
encloses a space around an inside of the second bearing 70.
As discussed, the first seal assembly 157 eflectively mhibits
the entry of unwanted material into the second bearing 70
from the inside 94 of the end frame 14. The second seal
assembly 217, including the lip seal 218 1s mserted into the
space between the end frame 14 and the shaft 30 such that
the movable portion contacts the shaft 30 and forms a seal.
The third seal assembly 230 1s assembled outside of the
second seal assembly 217 to complete the assembly of the
clectric motor 8. Thus, the second seal assembly 217 and the
third seal assembly 230 enclose a space around the outside
ol the second bearing 70. While the assembly 1s described 1n
a particular order, other component arrangements may be
considered.

In operation, the rotor 22 and the stator cooperate as 1s
well known 1n the art to produce rotation of the shatt 30. The
first bearing 26 and the second bearing 70 support the shaft
30, the fan 18, and the rotor 22 for the desired rotation.
During operation, the outside 98 of the motor 8 can be
exposed to debris such as water, dirt, dust, etc. The third seal
assembly 230 provides a first barrier of entry for this debris.
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The arrangement of the third seal assembly 230 makes the
passage ol debris more unlikely. However, should debris
pass through the third seal assembly 230, the debris 1s
inhibited from further passage by the second seal assembly
217. The second seal assembly 217 1s 1n direct contact with
the end frame 14 and the shaft 30 such that the passage of
debris 1s very dithicult. Should debris pass the second seal
assembly 217, 1t must still pass through the small opening
between the end frame 14 and the shaft 30 adjacent the
second seal assembly 217. Thus, the second seal assembly
217 and the third seal assembly 230 cooperate to imnhibit the
entry of debris into the second bearing 70 from the outside
98 of the end frame 14. The first seal assembly 157 is
positioned to inhibit the entry of debris into the second
bearing 70 from the inside 94 of the end frame 14. The first
annular disk 158 of the first seal assembly 157 forms a seal
between the bearing lock plate 178 and the end frame 14 via
the compression provided by the bearing lock plate 178. In
addition, the second annular disk 202 1s sealingly coupled to
the bearing lock plate 178 to inhibit the entry of debris
around the mterfaces provided by the bearing lock plate 178
and the second annular disk 202. The bore aperture 190 of
the second annular disk 202 1s sized to provide a small
opening between the shait 30 and the second annular disk
202. The size of the opening 1s small enough to 1nhibit the
entry of debris. In addition, any lubricant on the shait 30
cooperates with the second annular disk 202 to effectively
limit the size of the gap. Thus, the rotating assembly 10
includes three seal assemblies 157, 217, 230 that cooperate
to seal the space 1n which the second bearing 70 1s disposed
to protect the second bearing 70 from unwanted debris.

Various features and advantages of the invention are set
forth 1n the following claims.

What 1s claimed 1s:

1. An electric machine comprising:

an end frame having a shaft bore extending therethrough;

a shaft extending through the shait bore;

a bearing supported by the end frame and coupled to the
shaft to support the shaft for rotation about a longitu-
dinal axis, the bearing defining a first side and a second
side;

a first seal assembly fixedly attached to the end frame and
including an internal bore that 1s sized to cooperate
with the shaft to form a seal point therebetween, the
first seal assembly disposed on the first side of the
bearing; and

a second seal assembly fixedly attached to the end frame,
the second seal assembly including a movable portion
in direct contact with the shait to define a second seal
point, wherein the second seal assembly 1s on the
second side of the bearing,

wherein the first seal assembly 1ncludes a first seal mem-
ber 1n direct contact with the end frame and the bearing,
a bearing lock plate 1n direct contact with the first seal
member, and a second seal member 1n direct contact
with the bearing lock plate and including the internal
bore.

2. The electric machine of claim 1, wherein the bearing
includes an outer race in contact with the end frame and an
inner race in contact with the shatt, and wherein the first seal
assembly 1s 1n direct contact with the outer race.

3. The electric machine of claim 1, wherein the first seal
member and the second seal member are formed from a
resilient material.

4. The electric machine of claim 3, wherein the first seal
member and the second seal member are adhesively bonded
to the bearing lock plate.
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5. The electric machine of claim 1, further comprising a
tastener that threadably engages the bearing lock plate to
fixedly attach the first seal member and the second seal
member to the end frame.

6. The electric machine of claim 1, wherein the internal
bore and the shaft are sized to define an annular space
therebetween, and wherein a layer of lubricant 1s positioned
on the shaft adjacent the internal bore, the lubricant coop-
crating with the second seal member to seal the annular
space.

7. The electric machine of claim 1, wherein the second
seal assembly includes a lip seal having a lip that contacts
the shaft and a biasing element coupled to the lip to bias the
lip 1to contact with the shatt.

8. The electric machine of claim 1, further comprising a
third seal assembly coupled to the end frame and positioned
such that the second seal assembly 1s between the third seal
assembly and the bearing.

9. The electric machine of claim 8, wherein the third seal
assembly includes a first disk fixedly attached to the shatft,
a second disk fixedly attached to the shaft, and a third disk
fixedly attached to the end frame and positioned between the
first disk and the second disk.

10. The electric machine of claim 1, wherein the end
frame includes a plurality of apertures positioned on a lower
side of the end frame such that the electric machine 1s an
open drip prool motor.

11. A pumping apparatus comprising:

a pump 1ncluding an inlet, an outlet, and a rotating
clement 1n fluidd communication with the inlet and the
outlet;

a motor coupled to the rotating element in a drniving
relationship to rotate the rotating element, the motor
including,

a stator fixed with respect to the pump;

a rotor positioned adjacent the stator and operable to
rotate 1n response to the application of an electric
current to the motor;

a shait coupled to the rotor to support the rotor for
rotation and coupled to the pump to rotate the
rotating element;

an end frame positioned between the rotor and the
pump and fixedly attached to the stator;
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a bearing coupled to the end frame and the shaft to
support the shaft for rotation, the bearing defining a
first side between the bearing and the rotor and a
second side between the bearing and the pump;

a first seal assembly coupled to the end frame and
positioned between the bearing and the rotor, the first
seal assembly cooperating with the shaft and the end
frame to substantially enclose the first side of the
bearing;

a second seal assembly coupled to the end frame and
positioned between the first bearing and the pump,
the second seal assembly 1n direct contact with the
shaft and the end frame to substantially enclose the
second side of the bearing; and

a third seal assembly coupled to the end frame and
positioned between the second seal assembly and the
pump,

wherein the first seal assembly 1ncludes a first seal mem-

ber 1n direct contact with the end frame and the bearing,

a bearing lock plate 1n direct contact with the first seal

member, and a second seal member 1n direct contact

with the bearing lock plate and including an internal
bore.

12. The pumping apparatus of claim 11, wherein the first
seal member and the second seal member are formed from
a resilient material and are adhesively bonded to the bearing
lock plate.

13. The pumping apparatus of claim 11, wheremn the
internal bore and the shait are sized to define an annular
space therebetween, and wherein a layer of lubricant 1s
positioned on the shaft adjacent the internal bore, the lubri-
cant cooperating with the second seal member to seal the
annular space.

14. The pumping apparatus of claim 11, wherein the
second seal assembly includes a lip seal having a lip that
contacts the shait and a biasing element coupled to the lip to
bias the lip into contact with the shaft.

15. The pumping apparatus of claim 11, wherein the third
seal assembly includes a first disk fixedly attached to the
shaft, a second disk fixedly attached to the shait, and a third
disk fixedly attached to the end frame and positioned
between the first disk and the second disk.
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